PURPOSE: To present cases of uveitis-glaucoma-hyphema (UGH) syndrome due to reverse pupillary block in sulcus-placed posterior chamber intraocular lenses (PC IOLs) that were managed with laser peripheral iridotomy (LPI).
Reverse pupillary block was described by Campbell 1 in his work on pigment dispersion syndrome (PDS). Potash et al. 2 performed ultrasound biomicroscopy in PDS patients to support this mechanism. Reverse pupillary block has been proposed as a principal causative mechanism for PDS in phakic patients. [3] [4] [5] [6] In reverse pupillary block, the iris functions as a flap valve, allowing aqueous to pass from the posterior chamber to the anterior chamber but not in the opposite direction. The trapped aqueous within the anterior chamber causes posterior bowing of the peripheral iris, leading to mechanical friction between the posterior iris pigmented epithelium and the zonular bundles, causing pigment release. 1, 5 The liberated pigment accumulates within the trabecular meshwork after aqueous convection currents. This may impair aqueous outflow, resulting in increased intraocular pressure (IOP) and possibly pigmentary glaucoma. 5, 7 Pigment dispersion syndrome in phakic patients often presents in young persons with myopia, with a male predominance and a higher preponderance for individuals of white ethnicity. 8 Clinically, PDS presents with slit-like radial midperipheral iris transillumination defects; Krukenberg spindles; deposition of pigment on the anterior and posterior lens capsule, zonular fibers, iris, cornea, and the trabecular meshwork; as well as a posteriorly inserted iris that is concave in configuration. 3, 5, 8 The increased anterior chamber depth and the posterior bowing of the iris are of key importance in the etiology of PDS. [1] [2] [3] 9 In such cases, relative pupillary block is further precipitated by exercise, accommodation, and blinking. 7, 10 Each factor influences the iridozonular distance and may play a role in the disease process. 8 Although classically described in phakic patients, reverse pupillary block has also been reported in pseudophakic eyes. Blumenthal and Chen 11 described reverse pupillary block during extracapsular cataract extraction. Secondary reverse pupillary block has also been described after cataract surgery and intraocular lens (IOL) implantation. 6, [12] [13] [14] [15] This was first reported by Karickhoff 6 after IOL implantation in the ciliary sulcus causing pigment dispersion. Since this initial observation, 2 case reports of pseudophakic reverse pupillary block with PDS have been reported after in-the-bag implantation of an IOL. 13, 14 Rare cases of reverse pupillary block have also been described in scleral-sutured IOLs, yet without any sign of PDS. 12, 15 Medical treatment in these cases were suboptimum. Karickhoff 6 proposed laser peripheral iridotomy (LPI) as a potential treatment for reverse pupillary block. Subsequent reports of LPI for the treatment of reverse pupillary block with PDS for in-the-bag 13, 14 posterior chamber IOLs (PC IOLs) and treatment of reverse pupillary block for sulcus-placed 12, 15 PC IOLs without PDS have also been described.
We report our experience with 6 pseudophakic patients with sulcus-placed PC IOLs who presented with reverse pupillary block and uveitis-glaucomahyphema (UGH) syndrome that was treated with LPI. To our knowledge, this is the largest case series on the use of LPI in pseudophakic patients with sulcus-placed PC IOLs who presented with reverse pupillary block and UGH syndrome.
PATIENTS AND METHODS
From 2 centers (Credit Valley Eye Care, Mississauga Ontario, Canada, and Capital Health System, Pennington, New Jersey, USA), consecutive cases of pseudophakic patients who presented with UGH syndrome in the presence of a sulcus-placed PC IOL and were found to have posterior iris bowing with reverse pupillary block were included in this retrospective study. Patients with in-the bag or bag-sulcus position PC IOLs were excluded.
Uveitis-glaucoma-hyphema syndrome was defined as evidence of uveitis, pigment dispersion, iris transillumination defects, hyphema, and/or elevated IOP in the presence of reverse pupillary block findings with a sulcus-placed PC IOL. Reverse pupillary block was identified using gonioscopy and anterior segment optical coherence tomography (AS-OCT) (Spectralis, Heidelberg Engineering, Inc.).
All eyes diagnosed with UGH syndrome and reverse pupillary block were treated with a neodymium:YAG LPI. Data collected included demographic data, visual acuity, IOP, glaucoma medications, and ocular examination findings before and after LPI treatment. Anterior segment OCT was performed before and after treatment. The main outcome measure was resolution of UGH syndrome.
Statistical analyses were performed using SPSS software (version 20, SPSS, Inc.). A Wilcoxon signed-rank test was used to compare logMAR corrected distance visual acuity (CDVA), IOP, and number of glaucoma medication classes before and after iridotomy. Data are reported as the mean G standard deviation; a P value of 0.05 or less was considered statistically significant.
RESULTS
Six eyes of 6 patients were included in this study. A brief summary of each case is described below.
Case 1
A 64-year-old man was referred for a dislocated IOL-bag complex in the left eye; the axial length (AL) was 26.01 mm. He had phacoemulsification with in-the-bag implantation of a poly(methyl methacrylate) (PMMA) IOL 13 years previously with subsequent retinal detachment, requiring a scleral buckle and vitrectomy. The patient had explantation of the IOL-bag complex combined with a 20-gauge pars plana vitrectomy. A sulcus scleral-sutured PC IOL (16.5 diopter [D] P366UV, Bausch & Lomb) was uneventfully implanted in the eye.
One day postoperatively, the patient's uncorrected distance visual acuity (UDVA) was 20/25 and the IOP was 15 mm Hg. At 10 days, he presented with ocular pain and blurred vision and his vision had decreased to 20/100 with an IOP of 43 mm Hg. Severe pigment dispersion syndrome was present with 3C pigment in the anterior chamber, fingerlike iris transillumination defects (Figure 1 ), microcystic edema, and broad contact between the concave iris and the sulcus IOL, as confirmed on AS-OCT, indicating the presence of reverse pupillary block ( Figure 2 ). An LPI was performed the same day after instillation of topical antiglaucoma medications. Backward flow of pigment was observed when perforation of the iris was complete, with associated resolution of reverse pupillary block ( Figure 3 ). The day after, the patient's vision was 20/30 and IOP was 23 mm Hg. By 1 month, the IOP had normalized to 15 mm Hg without the use of glaucoma medications and his CDVA was 20/20. At last follow-up at 36 months, his CDVA was 20/20 with an IOP of 16 mm Hg without antiglaucoma medication, with no recurrence of UGH syndrome.
Case 2
A 43-year-old man was referred for left-eye UGH syndrome. Five years prior, he had a 3-piece silicone IOL (7.0 D Tecnis Z9002, Abbott Medical Optics, Inc.) placed in the sulcus in that eye, with an AL of 28.46 mm. He also had a history of vitrectomy for a left retinal detachment. On examination, the patient's vision was counting fingers, with an IOP of 38 mm Hg. Slitlamp biomicroscopy examination revealed 2C cells and pigment in the anterior chamber with the presence of hyphema and corneal edema. There was also a posterior bowing of the iris with fingerlike iris transillumination defects, confirmed on AS-OCT ( Figure 4 ). There was deposition of pigment and red blood cells in the angle ( Figure 5 ). These findings were in keeping with reverse pupillary block, and LPI was performed.
After LPI, gonioscopy revealed flattening of the iris ( Figure 6 ). One hour after LPI, the IOP was measured at 24 mm Hg and vision was 20/400. The patient was placed on a steroid taper for a few weeks. No glaucoma medications were used. One day after LPI, his vision was 20/60 and IOP was 11 mm Hg. The iris appeared flat with no posterior bowing. At the 2-week follow-up, vision had improved further to 20/30, with an IOP of 17 mm Hg. There was no recurrence of UGH syndrome over 2 years of follow-up.
Case 3
A 66-year-old woman was referred for PDS in the right eye; the AL was 25.84 mm. She had a history of right phacoemulsification and IOL implantation, vitrectomy for retinal detachment, and 2 IOL exchanges for recurrent dislocated IOLs. The most recent IOL implanted was a sulcus scleral-fixated PMMA IOL (15.5 D P366UV, Bausch & Lomb).
Seven months postoperatively, the patient presented with evidence of irido-IOL contact, pigment dispersion syndrome, and fingerlike iris transillumination defects. Her CDVA was 20/30 with an elevated IOP of 35 mm Hg. This was recognized as reverse pupillary block, and LPI was performed. The iris immediately shifted forward and away from the 
Case 5
A 65-year-old man was referred for partial IOL optic capture through the pupil and secondary uveitis. He had a history of traumatic aphakia The patient was treated with LPI, with resolution of the UGH syndrome and normalization of the iris position relative to the PC IOL. His CDVA was 20/50 and the IOP 15 mm Hg without antiglaucoma medication 18 months after LPI.
Case 6
A 56-year-old man was referred for UGH syndrome in the right eye; the AL was 28.21 mm. Pertinent history included phacoemulsification 18 months prior to presentation, complicated by posterior capsule rupture, and a 3-piece acrylic PC IOL placed in the sulcus. On presentation, he had a posteriorly displaced iris with pseudophakodonesis, iris transillumination defects, 2C pigment cells, and uveitis. The patient's CDVA was 20/40, with an IOP of 18 mm Hg on 1 glaucoma medication class.
On diagnosis of reverse pupillary block, LPI was performed, with a resultant improvement in the iris profile. Twelve months after LPI, the patient's CDVA was 20/40 and the IOP 20 mm Hg without adjunctive antiglaucoma medication. Table 1 summarizes the demographic and clinical characteristics of study participants. The mean age of patients included in this case series was 59.8 years (range 43.0 to 66.0 years). They presented with unilateral UGH syndrome a mean of 28.7 months (range 0.3 to 84.0 months) after sulcus PC IOL implantation. All patients were myopic, and 5 Table 2 compares the CDVA, IOP, and medication requirement before and after LPI. Two patients required ongoing glaucoma medication postoperatively.
All Cases

DISCUSSION
Reverse pupillary block is a rare postoperative complication of cataract surgery that was first reported by Karickhoff 6 after IOL implantation in the ciliary sulcus. Herein, we presented 6 cases of pseudophakic reverse pupillary block causing UGH syndrome that were associated with elevated IOP and pigment dispersion and successfully treated with laser iridotomy. In our cases, posterior bowing of the iris and iris-IOL contact were primarily responsible for causing UGH syndrome. Contact between the square edge of the IOL optic or haptics in the sulcus and the posterior iris pigment epithelium led to pigment release or hyphema. This contributed to impaired aqueous flow through the trabecular meshwork and a subsequent IOP rise.
The UGH syndrome secondary to sulcus-placed IOLs, particularly single-piece acrylic IOLs, has been reported. 16 It is unclear whether pupil block was present in those cases, but the primary mechanism of UGH syndrome in those cases appears to be chafing of the posterior iris surface by the bulky haptics and the acrylic tacky surface of the IOL. The treatment in those cases required surgical intervention.
However, UGH syndrome in sulcus-placed IOLs can also present in conjunction with reverse pupillary block. To our knowledge, only rare cases of reverse pupillary block after sulcus-placed PC IOL implantation have been described. 6, 12, 15 Karickhoff 6 reported 2 cases of sulcus PC IOL that resulted in postoperative reverse pupillary block and pigment dispersion. One of the 2 cases included elevated IOP to 27 mm Hg. Both eyes were treated with short-term mydriatic agents that relieved the reverse pupillary block. One case required ongoing steroid therapy for 2 months. Laser iridotomy was not performed in those 2 cases. Moreover, Higashide et al. 12 described the use of AS-OCT for identifying the concave iris configuration in reverse pupillary block in a small case series of pupil capture of scleral-fixated PC IOLs. No description of PDS or iris transillumination was found in any of their cases. In contrast, all of our patients had evidence of UGH syndrome with increased IOP and pigment dispersion.
Reverse pupillary block after in-the-bag IOL implantation has also been described. 13, 14 In a case report by Rh eaume et al., 14 a patient developed secondary pigment dispersion syndrome associated with intermittent reverse pupillary block diagnosed 1 year after in-the-bag IOL implantation. The authors postulated that the large capsulorhexis exposed the IOL optic to come in contact with the iris pigment epithelium, where it was not covered by the anterior capsule. An LPI was performed, resulting in significantly diminished iris concavity. Itagaki et al. 13 also presented a case of reverse pupillary block diagnosed 1 day after in-the-bag IOL implantation with elevated IOP that persisted until laser iridotomy was performed to alleviate posterior bowing of the iris. In contrast to these 2 case reports describing reverse pupillary block after in-the-bag IOL implantation, all of our patients presented with reverse pupillary block and UGH syndrome after sulcus-placed PC IOL implantation.
In our case series, 3 patients (50%) had a scleralfixated PC IOL. Scleral-fixated IOLs may be prone to IOL tilt and variable postoperative axial position, particularly more anteriorly than expected. 15, [17] [18] [19] [20] [21] [22] [23] This can potentially increase the risk for iris contact, reverse pupil block, and UGH syndrome.
In classic phakic reverse pupillary block and PDS, anatomic risk factors, such as posterior iris insertion, a deeper anterior chamber, and large irides relative to the anterior segment size, have been proposed as factors leading to increased iridolenticular contact. 9, 24 However, using AS-OCT, Aptel et al. 25 analyzed the physiologic features of the iris in reverse pupillary block in patients with PDS and found no evidence of abnormally enlarged irides in susceptible eyes. They postulated that the increased predisposition of iridolenticular contact in PDS eyes was secondary to a more flaccid iris and to reverse pressure gradients across the anterior and posterior chamber. 25 For reverse pupillary block after inthe-bag IOL implantation, Itagaki et al. 13 also postulated the possible role of a flaccid iris that is prone to contact with the lens in PDS. A similar mechanism may be involved in reverse pupillary block after a sulcus-placed PC IOL, in which the flaccid iris acts as a valve preventing aqueous humor movement from the anterior to posterior chamber. This may be precipitated in myopic vitrectomized eyes. In phakic PDS, risk factors include high myopia, young age, and male sex. 8, 26 Notably, in the present study, all the patients were highly myopic and all except 1 had a history of vitrectomy, suggestive as major risk factors for PDS and reverse pupillary block in patients after sulcus-placed PC IOLs. Most of our patients (83.3%) were men, as seen in phakic PDS. Clinically, in our cases, many presenting features were similar to those seen in phakic PDS, such as iris transillumination defects and deposition of pigment on the trabecular meshwork. All patients had fingerlike transillumination defects. These can be described as resembling the "finger of God" sign due to their similarity to the popular painting "The Creation of Adam" by Michelangelo (Figure 7) . A The finger of God sign can be considered iris stretch marks due to posterior distensive forces during episodes of reverse pupillary block that stretch the semielastic iris tissue, possibly along its anatomic planes. Iris contact with the IOL optic or haptics may also play a role in their appearance (Figure 4) .
Laser iridotomy has been reported to be effective in relieving reverse pupillary block after PC IOL implantation. [12] [13] [14] 24 All of the patients in our case series responded immediately to laser iridotomy, with improvements in vision and IOP. Contrary to the characteristic posterior-to-anterior rush of fluid immediately after LPI in traditional relative pupillary block, the breakthrough fluid rush in reverse pupillary block is in the reverse direction. Physiologically, this intraocular compartment syndrome, whereby differential pressures exist between the anterior and posterior chambers, the creation of an iridotomy allows rapid resolution of reverse pupillary block, as the pressures across the anterior and posterior segments then freely equilibrate. 4 This restores the planar configuration of the iris, relieving posterior bowing and reverse pupillary block. 4, [27] [28] [29] This in turn minimizes iridozonular contact and arrests pigment dispersion. Our post-LPI AS-OCT revealed successful flattening of the iris and widening of the space between the posterior iris and IOL. This was noted to be secondary to the forward shift of the iris and the stable IOL position in the posterior chamber after treatment. Laser peripheral iridotomy should be considered the initial therapy to manage UGH syndrome secondary to reverse pupillary block in sulcus-placed PC IOLs. This may be considered prior to surgical intervention, even in single-piece acrylic PC IOLs, although this was not studied in our report. In our series, this therapy was successful in all cases. However, in some cases, ongoing glaucoma medical therapy may be required due to chronic trabecular meshwork dysfunction or underlying primary open-angle glaucoma.
In conclusion, UGH syndrome due to reverse pupillary block can occur after sulcus-placed PC IOLs in susceptible patients, such as those with myopic or post-vitrectomized eyes. Laser peripheral iridotomy can treat the reverse pupillary block, which appears to have resolved the UGH syndrome in this case series and may reduce the need for surgical intervention. Further studies are needed to address the incidence of UGH syndrome and reverse pupillary block after sulcus-placed PC IOL implantation and to delineate further causative mechanisms.
WHAT WAS KNOWN
Reverse pupillary block can occur in eyes with sulcusplaced PC IOLs.
Laser peripheral iridotomy can successfully treat reverse pupillary block.
WHAT THIS PAPER ADDS
Uveitis-glaucoma-hyphema syndrome in sulcus-placed PC IOLs in certain susceptible eyes (axial myopia, postvitrectomized) might develop due to reverse pupillary block.
The fingerlike transillumination defects common to all patients in this case series, hereby termed finger of God sign, can be considered iris stretch marks, likely due to posterior distension forces during episodes of reverse pupillary block or iris contact with the IOL.
Laser peripheral iridotomy can successfully treat the reverse pupillary block, which in turn appears to have resolved the UGH syndrome in this case series.
